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The insulin receptor (IR) gene plays an important role in regulating cell growth, differentiation and development. In the present 
study, DNA sequences of insulin receptor genes, IRa and IRb, were amplified and sequenced from 37 representative species of 
the Cyprinidae and from five outgroup species from non-cyprinid Cypriniformes. Based on coding sequences (CDS) of tyro-
sine kinase regions of IRa and IRb, molecular evolution and phylogenetic relationships were analyzed to better understand the 
characteristics of IR gene divergence in the family Cyprinidae. IRa and IRb were clustered into one lineage in the gene tree of 
the IR gene family, reconstructed using the unweighted pair group method with arithmetic mean (UPGMA). IRa and IRb have 
evolved into distinct genes after IR gene duplication in Cyprinidae. For each gene, molecular evolution analyses showed that 
there was no significant difference among different groups in the reconstructed maximum parsimony (MP) tree of Cyprinidae; 
IRa and IRb have been subjected to similar evolutionary pressure among different lineages. Although the amino acid sequences 
of IRa and IRb tyrosine kinase regions were highly conserved, our analyses showed that there were clear sequence variations 
between the tyrosine kinase regions of IRa and IRb proteins. This indicates that IRa and IRb proteins might play different roles 
in the insulin signaling pathway. 
insulin receptor gene, tyrosine kinase domain, Cyprinidae 
 
Citation:  Kong X H, Wang X Z, He S P. Molecular variation and evolution of the tyrosine kinase domains of insulin receptor IRa and IRb genes in Cyprinidae. 




Insulin and insulin-like growth factor play important roles in 
growth regulation, cell differentiation and metabolism [1–6]. 
Their actions are mediated by the corresponding member of 
the insulin receptor family. The insulin receptor family 
comprises the insulin receptor (IR), insulin-like growth fac-
tors receptors (IGFRs) and the insulin receptor-related re-
ceptor (IRR). IR and IGFRs are cross-membrane glycopro-
teins with similar structures [7,8]. The mature IR comprises 
two α and two β subunits, which form heterologous α2β2 
tetramers connected via disulfide bonds. The IR protein is 
composed of a binding region in its α-subunit and a trans-
membrane domain and tyrosine kinase region in its β-sub-    
unit [7,8]. The tyrosine kinase activity of the β-subunit can 
be inhibited by the α-subunit. When insulin binds to the 
α-subunit, the β-subunit kinase activity inhibitor can be 
released by phosphorylation and the α-subunit changes its 
conformation, thereby enhancing tyrosine kinase activity [9]. 
A combination of insulin and IR results in a cascade of 
phosphorylation to active downstream regulatory signals. 
Insulin receptors (IR/IGFR/IRR) belong to the tyrosine 
kinase receptor family, the kinase activity of which is lo-
cated in the tyrosine kinase region. Study of the molecular 
variation and evolution of the tyrosine kinase region of the 
IR gene would help in the understanding of IR gene diver-
gence and of different IR roles in insulin signaling. 
In fish, sequence characteristics and expression patterns 
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of IR and IGFR genes have been studied in rainbow trout 
(Oncorhynchus mykiss) [10], coho salmon (O. kisutch) [11], 
turbot (Scophthalmus maximus) [10,12], Pacific chum salmon 
(O. keta) [13] and chinook salmon (O. tshawytscha) [14]. 
These IR genes contain a conserved tyrosine kinase domain 
of about 400 bp [11]. IR, IGF-IR and IGF-IIR have also been 
cloned in Danio rerio [1,15]. These studies indicate duplica-
tions of IR and IGFR genes in fish. Toyoshima et al. [1] 
cloned and characterized IRa and IRb from zebrafish. They 
also studied their expression patterns and found overlapping 
functions of the two genes during zebrafish embryogenesis. 
However, these studies are limited to an individual species 
or to a few species of fish. It would be of great interest to 
investigate IR gene divergence among closely related fish in 
certain families by analyzing molecular variation and evolu-
tion of tyrosine kinase coding sequences (CDSs) of IR 
genes. 
The family Cyprinidae is the largest family of freshwater 
fish and contains 2010 species in about 210 genera [16]. 
Cyprinids have a wide distribution and are highly diverse 
with obvious differences in size, food habits and niches 
among species. Therefore, they are considered as an ideal 
group to study functional gene divergence. In this study, 
molecular variation and evolution of the tyrosine kinase 
domain of IRa and IRb were analyzed in the family Cypri-
nidae. This study aimed to identify variation of the deduced 
amino acid sequence of the tyrosine kinase domain between 
IRa and IRb proteins within the family Cyprinidae and to  
understand the molecular evolution and divergence of IRa 
and IRb. 
1  Materials and methods 
1.1  Sample collection 
The nucleotide sequences of IRa and IRb were determined 
in 37 representative species from the family Cyprinidae and 
in 5 species from non-cyprinid Cypriniformes. All speci-
mens were from the collections of the Freshwater Fish Mu-
seum of the Institute of Hydrobiology, Chinese Academy of 
Sciences. The collection location, deposition identification 
and GenBank accession number of all species are listed in 
Table 1. Muscle or fin tissue preserved in 95% ethanol was 
used to extract genome DNA. 
1.2  Primer design 
Based on the conserved regions of D. rerio IRa 
(AF400271.1; NM_001142672.1) and IRb (AF400272.1; 
NM_001123229), primers were designed and optimized to 
amplify Ira (forward primer 5′-ACGGTYAAYGAGTCK- 
GCCAGYCT-3′, reverse primer 5′-CYTCRGCCACCAT- 
GCAGTTC-3′) and IRb (forward primer 5′-GMGHGAG- 
AGRATHGAGTTC-3′, reverse primer 5′-CAGCCACCA- 
TGCAGTTYCTDG 3′). 
Table 1  Species of cyprinid and outgroup taxa investigated in this study 
GenBank accession No. 
Species Sampling location Voucher 
IRa IRb 
Culter alburnus Wuhan, Hubei ihbCY0380494 EU009543 EU009588 
Elopichthys bambusa Taoyuan, Hunan NRMT2286  EU009586 
Megalobrama amblycephala Wuhan, Hubei ihbCY0305004 EU009544 EU009589 
Aristichthys nobilis Wuhan, Hubei ihbCYK0411001  EU009592 
Squaliobarbus curriculus Wuhan, Hubei ihbCY0407001 EU009541 EU009584 
Ctenopharyngodon idellus Wuhan, Hubei ihbCYK0411003 EU009542 EU009583 
Pseudobrama simoni Taoyuan, Hunan ihbCY0405361  EU009591 
Mylopharyngodon piceus Wuhan, Hubei ihbCYK0411004  EU009598 
Hemiculter leucisculus Wuhan, Hubei ihbCY2603026  EU009587 
Ochetobius elongates Tengxian, Guangxi ihbCY0108003  EU009585 
Xenocypris argentea Taoyuan, Hunan ihbCY0405138  EU009590 
Aphyocypris chinensis Wuhan, Hubei ihbCYK0411005  EU009582 
Opsariichthys bidens Taoyuan, Hunan NRMT2358 EU009540 EU009578 
Saurogobio gracilicaudatus Guizhou ihbCY0312012 EU009551  
Saurogobio dabryi Changyang, Hubei ihbCY0405136 EU009552  
Gobiocypris rarus Wuhan, Hubei ihbCYK0411006 EU009545 EU009581 
Pseudorasbora parva Mengla, Yunnan ihbCY0312003 EU009549 EU009593 
Coreius heterodon Wuhan, Jinkou ihbCY0312002 EU009550 EU009594 
Hemibarbus maculates Yunnan   EU009611 
Rhodeus ocellatus Wuhan, Hubei ihbCYK0411008 EU009547 EU009600 
Rhodeus lighti Wuhan, Hubei ihbCYK0411009 EU009548 EU009601 
Paracheilognathus imberbis Wuhan, Hubei ihbCYK0411010 EU009546 EU009599 
(To be continued on the next page) 
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(Continued) 
GenBank accession No. 
Species Sampling location Voucher 
IRa IRb 
Tanichthys albonubes Guangdong ihbCYK0411007  EU009580 
Schizothorax oconnori Tibet ihbCY0510086 EU009566  
Schizothorax lissolabiatus Tibet ihbCY0504193 EU009567  
Schizothorax longibarbus Tibet ihbCY0510081 EU009565  
Percocypris pingi pingi Hejiang, Shichuan ihbCY0205010 EU009564 EU009596 
Gymnocypris waddelli Qinghai ihbCY0510092 EU009563  
Acrossocheilus monticola Hechuan, Chongqing  EU009568 EU009607 
Onychostoma macrolepis Guangdong  EU009570 EU009610 
Spinibarbus sinensis Nanchong, Shichuan ihbCY0207036 EU009569 EU009608 
Ptychidio jordani Yunnan ihbCY0308004 EU009561 EU009606 
Epalzeorhynchus bicornis Wuhan, Hubei ihbCY0505291 EU009562 EU009609 
Cyprinus Carpio Wuhan, Hubei ihbCYK0411014  EU009597 
Puntius semifasciolatus Mengla, Yunnan ihbCY0405496  EU009595 
Rasbora trilineata Wuhan, Hubei ihbCYK0411012  EU009602 
Danio myersi Mengla Yunnan ihbCY0405411 EU009556 EU009603 
Hemimyzon sinensis Yunnan ihbCYK0311012 EU009574  
Triplophysa orientalis Qinghai  EU009573  
Gyrinocheilus aymonieri Wuhan, Hubei  EU009576  
Myxocyprinus asiaticus Wuhan, Hubei ihbCY0305001 EU009577  
Misgurnus anguillicaudatus Dazhao, Yunnan ihbCYK0411015 EU009575 EU009612 
 
1.3  DNA extraction, PCR amplification and sequenc-
ing 
Total genomic DNA was extracted from muscle or fin tis-
sues using standard phenol/chloroform extraction proce-
dures [17]. The target IRa and IRb sequences were amplified 
from genomic DNA by PCR. The concentration and purity of 
DNA was determined using Beckman ultraviolet measure-
ment, and DNA was diluted to 30–50 ng μL−1. 60 μL PCR 
reactions contained 3 μL DNA template, 6 μL 10×Ex Taq 
PCR buffer, 4.8 μL dNTPs (each at 2.5 mmol L−1, pH 8.0), 
1.5 μL each oligonucleotide primer (each at 15 μmol L−1), 
0.6 μL Ex Taq polymerase (5 U μL−1), and 42.6 μL dou-
ble-distilled H2O. 
The amplification of IRa was carried out with the fol-
lowing conditions: denaturation at 94°C for 4 min, 32 cycles 
of denaturation at 94°C for 50 s, annealing at 62 or 63°C for 
50 s and extension at 72°C for 90 s, and a final extension at 
72°C for 6 min. The amplification of IRb was performed at 
an initial denaturation at 94°C for 4 min, 32 cycles of dena-
turation at 94°C for 30 s, annealing at 56°C for 30 s and 
extension at 72°C for 60 s, with a final extension at 72°C 
for 6 min. 
The amplified fragments were separated by 1.2% agarose 
gel electrophoresis, purified using an OMEGA kit (Omega 
Bio-tek, USA), ligated into a T-tailed pMD18-T vector 
(Takara, Dalian, China) and transformed into DH5α bacte-
ria. Positive clones were identified using a PCR procedure. 
Triplicate positive clones carrying the target fragments were 
sequenced on an ABI3730. 
1.4  Sequence analyses 
Novel IRa and IRb sequences have been deposited in Gen-
Bank (Table 1). Multiple alignments of sequences were 
performed using ClustalX (1.83) [18], with a gap-opening 
penalty of 15.0 and a gap-extension penalty of 3.0. The 
aligned sequences with a manual correction were used to 
analyze gene characteristics. Based on CDSs of D. rerio IRa 
and IRb, the corresponding CDSs of various fish were de-
termined and extracted from DNA sequence databases to be 
used in the analysis of molecular evolution and variation. 
The base composition and substitution of IRa and IRb CDSs 
were calculated by MEGA 4.1 [19].  
1.5  IR gene duplication and divergence 
IRa and IRb tyrosine kinase domain sequences identified in 
this study and the corresponding sequences of IR family 
genes (IR/IGF-IR/IRR) identified in GenBank (Table 2) 
were used to reconstruct phylogenetic relationships among 
the members of the IR gene family using the UPGMA 
method implemented in PAUP4b10 [20]. Bootstrap analysis 
was carried out with 1000 replicates and a heuristic search. 
The UPGMA tree was used to analyze molecular evolution 
of IRa and IRb in the family Cyprinidae.  
1.6  Comparison of dN/dS of different clusters 
Based on IRa and IRb CDSs, phylogenetic relationships of 
the family Cyprinidae were reconstructed using the maximum  
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Table 2  Sequences in GenBank of IR family genes for Danio rerio and 
other animals 
Species IR family genes Accession No. 
Homo sapiens (human) IR NM_000208.1 
Homo sapiens (human) IGF_IR NM_000875.2 
Homo sapiens (human) IRR NM_014215.1 
Mus musculus (mouse) IR NM_010568.1 
Mus musculus (mouse) IGF_IR NM_010513.1 
Mus musculus (mouse) IRR NM_011832.1 
Rattus norvegicus (rat) IR NM_017071.1 
Rattus norvegicus (rat) IGF_IR NM_052807.1 
Xenopus laevis (African clawed frog) IR AJ132556.1 
Xenopus laevis (African clawed frog) IGF_IR Z50155.1 
Danio rerio (zebrafish) IRa AF400271.1 
Danio rerio (zebrafish) IRb AF400272.1 
Danio rerio (zebrafish) IGF_IRa AF400269.1 




Drosophila melanogaster (fruit fly) IR U28136 
Aedes aegypti (mosquito) IR U72939.1 
Caenorhabditis elegans IR AC084196.1 
 
parsimony (MP) method, as implemented in PAUP4.0b10. 
The major-rule consensus tree was achieved through heuris-
tic searching. Bootstrap analysis was conducted using the 
following parameters: nreps=1000, conlevel=50, search= 
heuristic. 
The aligned IRa and IRb CDS datasets were used to es-
timate the ratio of non-synonymous to synonymous substi-
tutions (ω or dN/dS) for various branches of the MP tree with 
the program codeml implemented in PAML3.14 [21]. The 
following three models were used to evaluate the variable ω 
rates: (i) One-ratio model (M=0) assigns the same ω rate for 
all branches; (ii) two-ratio model (M=2), with phylogenetic 
sense, specifies two or more than two branches to have in-
dependent ω rates; (iii) free-ratio model (M=b) assumes that 
each branch has an independent ω rate. 
1.7  Variations of amino acid sequences 
Using the protein sequences of D. rerio IRa (AAM18903.1) 
and IRb (AAM18904.1) as anchors, IR CDSs were trans-
lated into amino acid sequences and aligned. The parsimony 
informative amino acid sites were determined and analyzed 
using MEGA4.1 software to search for similar amino acid 
variations among closely related species, and to study the 
implication of amino acid variation in speciation and mo-
lecular evolution. 
2  Results 
2.1  IR gene sequence variations 
In the present study, 337 coding nucleotides of IRa were 
aligned (the complete sequence of the tyrosine kinase do-
main is approximately 400 bp). Of these sites, 252 sites 
were conserved across all taxa examined, and 85 sites were 
variable with 60 parsimony informative sites. Base compo-
sitions of T, C, A and G were 21.9%, 23.5%, 25.3% and 
29.3%, respectively. The transition/transversion ratio was 
2.6. For IRb, 311 coding nucleotide sites were aligned, with 
211 conserved sites, 100 variable sites and 65 parsimony 
informative sites. Base compositions of T, C, A and G were 
22.3%, 23.5%, 26.4% and 27.8 %, respectively. The ratio of 
transition/transversion was 1.7.  
2.2  IR gene duplication and divergence in Cyprinidae 
In this study, IRa and IRb genes from fish were clustered 
into a monophyletic group respectively with 100% nodal 
supports (Figure 1). This demonstrated that IRa and IRb 
genes in fish originated from duplicated IR genes, and the 
daughter genes have evolved into distinct genes under dif-
ferent evolutionary pressure. In addition, this result also 
showed that IGF-IR (IGF-IRa and IGF-IRb) of D. rerio 
were clustered into one monophyletic clade with 100% 
nodal support. All members of the vertebrate IR gene family 
were clustered into one clade; IRR and IGF-IR genes were 
grouped into separate monophyletic lineages. Insulin-like 
protein receptor gene (ILPR) from Amphioxus (Branchio-
stoma lanceolatum) was at the basal place within the verte-
brate gene tree with 100% nodal support. Invertebrate IR 
genes were grouped outside those of vertebrates at the basal 
position of the gene tree with high nodal supports. 
2.3  Analysis of dN/dS in different groups 
Based on the IRa CDS, a consensus tree of 42 equal parsi-
mony trees was achieved using heuristic searching in par-
simony analyses (not shown), with tree length=206, consis-
tency index (CI)=0.5728, retention index (RI)=0.7037, and 
rescaled consistency index (RC)=0.4031. The family Cypri-
nidae was grouped into Leuciscini, Barbini and Danionini, 
and the lineage Barbini was supported with a 62% bootstrap 
value. Based on the IRb CDS, a consensus tree of 657 equal 
parsimony trees was achieved (not shown), with tree 
length=300, CI=0.4400, RI=0.5591 and RC=0.2460. Al-
though the Leuciscini and the Barbini were respectively 
clustered into one lineage, the bootstrap nodal support for 
each lineage was low. 
The tyrosine kinase region sequences of IRa and IRb 
were highly conserved, especially among closely related 
species, and most base substitutions were synonymous. 
According to the reconstructed MP trees, the ω  rates of IRa 
and IRb CDSs were estimated for various branches using 
PAML3.14 (Table 3). In the one-ratio model, the ω  rate of 
IRa (0.0292) was slightly higher than that of IRb (0.0288). 
In the two-ratio model, the Leuciscini and the Barbini were 
assigned independent ω  rates. For IRa, the ω  rates of the  
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Figure 1  Phylogeny evolution inferred from sequences encoding tyrosine kinase regions of the IR gene family through UPGMA analysis. GenBank acces-
sion Nos. of genes are listed in Tables 1 and 2. The number above the branch is the bootstrap score above 50 (only the important nodes are marked). 
Leuciscini and the Barbini were 0.0227 and 0.0463, respec-
tively; while for IRb, the ω  rates of the Leuciscini and the 
Barbini were 0.0278 and 0.0257, respectively. However, 
statistical analyses showed that there was no significant 
difference in the ω rates estimated using the two-ratio 
model or the free-ratio model compared with the one-ratio 
model (P>0.05). These data illustrate that there was no sig-
nificant difference between the Leuciscini and Barbini 
groups in selection pressure for each gene. 
2.4  Amino acid variations of IRa and IRb tyrosine 
kinase domains 
The aligned IRa CDS dataset is 337 bp (the first base is the  
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Table 3  Estimation of ω rates and likelihood values for MP treesa) 
Model # ratios −lnL ω rates (dN/dS) 
MP tree (IRa)    
One ratio 1 1498.74 0.0292 
Specific ratio 4 1497.38 0.0227/0.0463/0.0108/0.0311 
Free ratio 56 1478.79 Variable by branch 
    
MP tree (IRb)    
One ratio 1 2138.54 0.0288 
Specific ratio 4 2138.12 0.0278/0.0257/0.0261/0.0415 
Free ratio 63 2113.85 Variable by branch 
a) Four values in the specified ratio model were the ω rates of Leu-
ciscini, Barbini, Danionini and Outgroup in order. 
 
first position of a codon ACG), which encodes 112 amino 
acids; the aligned IRb CDS dataset is 311 bp (the first base 
is the third position of a codon CTG), which encodes 103 
amino acids. IRa and IRb amino acid sequences were 
aligned to analyze amino acid variations. The deduced 
amino acid sequences were highly conserved, and only 10 
variant amino acid sites with parsimony information (with 
phylogenetic sense) were found (without considering gap) 
(Figure 2), which were situated at sites 9, 25, 37, 42, 57, 64, 
65, 79, 83 and 90, respectively. Comparison of amino acid 
variations between IRa and IRb is showed in Table 4. The 
similar amino acid variations could be thought of as a rep-
resentative characteristic to differentiate IRa from IRb. For 
example, site 9 was arginine (Arg) in most species, while it 
was serine (Ser) in 9 IRb sequences. For site 42, most IRb 
sequences (27 species) were serines. For site 57, it was 
phenylalanine (Phe) in 17 IRa sequences, which were 
mainly distributed in the Leuciscini. Site 79 was isoleucine 
(Ile) in 4 IRb sequences, which were in Acheilognathinae. 
Site 83 was serine in 5 IRb sequences, which were in some 
species of Daninae. Site 90 was isoleucine in IRa sequences 
of Schizothoracinae and Percocypris pingi pingi. 
3  Discussion 
In the present study, all members of the vertebrate IR gene  
 
 
Figure 2  The aligned amino acid sequence dataset based on IRa and IRb. Only variant amino acid sites with parsimony information are marked. The num-
bers above the sequence dataset represent the position of variant sites. 
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IRa variation IRb variation 
9 Arg 0 Ser (9, 27.3%) 
25 Ser Asn (1, 3.3%); 
Thr (1, 3.3%) 
Thr (2, 6.1%), 
Gly (1, 3%) 
37 Ser Phe (1, 3.3%) Phe (1, 3%) 
42 Thr 0 Ser (27, 81.8%) 
57 Tyr Phe (17, 57%); 
Ser (1, 3.3%) 
0 
64 Asp Glu (2, 6.7%) 0 
65 Ser 0 Cys (1, 3%); 
Ala (3, 9.1%) 
79 Met 0 Ile (4, 12.1%) 
83 Ala 0 Ser (5, 15.2%) 
90 Met Ile (6, 20%) 0 
a) Statistics are based on the amino acid sequence dataset comprising 
30 IRa and 33 IRb amino acid sequences. Only variant amino acids are 
listed in the IRa or IRb columns. The first number in parentheses indicates 
the sequence number of the variant amino acid; the second number refers 
to the percent of variant sequences to total sequences. 
 
family were clustered into a lineage. In fish, IRa and IRb 
were grouped into one monophyletic clade. This suggests 
that the daughter genes, IRa and IRb, have evolved into dis-
tinct genes after an ancestral IR gene was duplicated. This 
result is consistent with previous studies on IR genes in      
fish [1,10–15,22]. However, in this study, the divergence of 
IR could provide strong evidence to support the difference 
of IRa and IRb in the phylogenetic gene tree. Furthermore, 
the present study also supported the hypothesis that fish 
integrated an extra copy of the genome during evolution 
[22], which has been proposed by studies of hox gene du-
plication in zebrafish and Fugu [23]. Gene duplication, fol-
lowed by functional divergence resulting from mutation and 
selection, are thought to be critical events that drive bio-
logical diversification. This hypothesis of gene function 
divergence is supported by more and more evidence from 
studies on functional genes [1,24]. For example, fish-spe-      
cific duplicated genes Dmrt2b and Dmrt2a play overlapping 
roles in the establishment of left-right asymmetry but have 
divergent functions in somitogenesis [24]. 
The amphioxus B. californiensis has important evolu-
tionary significance in animal phylogeny and evolution and, 
according to morphological and developmental evidence, is 
the most primitive species among the chordate animals [15]. 
An insulin-like protein receptor (ILPR), having a similar 
function to IR, was separated from amphioxus [25]. IR and 
IGF-IR genes of fish might derive from an ancestral gene 
that was similar to ILPR of amphioxus, which duplicated 
and evolved into IRa and IRb. This suggestion was also 
further indicated because all invertebrate animals have only 
one insulin receptor homologue [26–29]. Amphioxus was 
showed to be the interim species in the process of evolution 
from invertebrates to vertebrates. 
MP analyses indicated that the Leuciscini and the Barbini 
were respectively clustered into one lineage within the fam-
ily Cyprinidae. Some species of the Danioninae (e.g., D. 
rerio, D. myersi and R. trilineata) were clustered into one 
group (so called primitive Danionini); however, the inner 
nodal supports were low. This was because the tyrosine 
kinase domain of the insulin receptor gene was highly con-
served and was, therefore, not suitable for phylogenetic 
analysis at the subfamily level of fish.  
When the Leuciscini and the Barbini were specified to 
have independent ω rates, the ω rate of the Leuciscini 
(0.0227) was lower than that of the Barbini (0.0463) for IRa; 
while the Leuciscini (0.0278) was higher than the Barbini 
(0.0257) for IRb. For single IRa or IRb genes, there is no 
significant difference between the one-ratio model and the 
independent ratio model. Therefore, the dN/dS heterogeneity 
of the tyrosine kinase region of IRa or IRb has not been 
formed among different groups. Therefore, in fish, after IR 
gene duplication, the daughter genes were functionalized to 
perform different roles and evolved into two distinct genes 
(IRa and IRb). However, because of the important function 
of these two genes in cell signaling pathways, sequence 
variation and divergence are subjected to strong functional 
constraint. Although the strong evidence in this study indi-
cates that IRa and IRb have evolved in fish into two distinct 
genes, for the single gene, there was no significant differ-
ence of molecular evolution among the different clusters in 
the family Cyprinidae. 
The difference of base composition and variation of CDS 
sequence between IRa and IRb indicate that they evolved in 
different patterns after gene duplication. However, it is well 
known that the insulin receptor gene, especially the tyrosine 
kinase region, is subjected to strong functional constraint 
and selection pressure. Therefore, the amino acid sequence 
of the tyrosine kinase region was more highly conserved. In 
the deduced amino acid sequence of IRa and IRb, only 10 
amino acid variation sites with parsimony information were 
found. Of these variation sites, only two sites could indicate 
the characteristic difference between IRa and IRb proteins 
(site 42 was serine in 27 IRb sequences; site 57 was 
phenylalanine in 17 IRa sequences, which was distributed in 
the Leuciscini, so it could be thought as a characteristic of 
the Leuciscini). Although variations of the two sites were 
thought of as characteristic variations, the functional differ-
ence of genes resulting from these site variations remains 
unclear. On the other hand, in the absence of any related 
research, it is difficult to explain the roles of these varia-
tions. However, based on the highly conserved tyrosine 
kinase regions of IRa and IRb, we have strong reason to 
believe that amino acid variations could represent important 
characteristics of gene differentiation and species diver-
gence. 
In summary, in the family Cyprinidae, IRa and IRb have 
developed into distinct genes under different evolution pat-
terns after IR gene duplication, and this suggestion is 
strongly supported by the phylogenetic relationships of IRa 
and IRb in this study. However, tyrosine kinase region 
CDSs of IRa and IRb are highly conversed. For a single 
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gene, there is no significant difference in molecular evolu-
tion among the different clusters within the family Cyprini-
dae. This suggests that IRa and IRb are subjected to strong 
functional constraint and evolutionary selection because the 
insulin receptor plays an important role in cell signaling. 
Therefore, the amino acid variations between IRa and IRb 
proteins always act as an important driving force of evolu-
tion to propel function divergence. In this study, based on 
molecular variation of deduced tyrosine kinase domain 
amino acid sequences, it is postulated that IRa and IRb 
might function in different spatio-temporal expression pat-
terns in regulating development and growth in fish. How-
ever, this proposal requires confirmation by further studies 
on expression and physiological functions of IRa and IRb. 
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